SUMMARY Portions ofjejunal biopsies from control subjects and from patients with coeliac disease were cultured for 24 hours using an in vitro organ culture technique. Alkaline phosphatase activity was measured in the tissue and medium before and after culture; enzyme activities were expressed per gg tissue DNA. The increase in enzyme activity during the culture period was taken to represent net enzyme synthesis. Alkaline phosphatase synthesis by mucosa from patients with untreated glutensensitive coeliac disease and by mucosa from patients with non-responsive coeliac disease was significantly less than that by normal mucosa. Alkaline phosphatase synthesis by mucosa from patients with treated gluten-sensitive coeliac disease was greater than that by untreated coeliac mucosa but was less than normal mucosa. Sequential studies of alkaline phosphatase synthesis by jejunal mucosa from seven patients with coeliac disease, before and after succesful treatment by gluten withdrawal, showed an increase in synthesis in all patients. Study, by analytical subcellular fractionation with sucrose density gradient centrifugation, of the properties of the organelles of cultured control tissue showed good preservation of their integrity. A striking finding, however, was the decrease in malate dehydrogenase with a corresponding marked increase in lactate dehydrogenase. This would be expected to be followed by a shift from aerobic to anaerobic metabolism. Analytical subcellular fractionation of cultured mucosa from patients with coeliac disease gave similar conclusions. There was, however, a marked improvement of the brush border abnormalities, characteristic of coeliac disease, during culture with increased enzyme activities and membrane equilibrium density in the sucrose gradients.
These latter experiments have yielded conflicting results which may be due to (1) the use of an unsatisfactory reference parameter (tissue protein) for the expression of enzyme activity after culture; (2) failure to take account of loss ofenzyme activity into the culture medium,8 9 and (3) instability ofthe enzyme on storage.
A reliable method of in vitro culture of human small intestine has been developed in this laboratory by the combination of wire mesh suspension and roller tube techniques. 1 In these studies it was shown that total (tissue and medium) DNA remains constant during culture. We have therefore assayed alkaline phosphatase activity in fresh jejunal tissue both before culture and in tissue and medium after culture expressing the results per 108 gg total DNA. Net alkaline phosphatase synthesis was determined in jejunal mucosa from patients with untreated coeliac disease, treated glutensensitive coeliac disease and treated nonresponsive coeliac disease, in order to investigate the pathogenesis of these disorders. In addition the marker enzyme activities ofthe principal organelles ofjejunal mucosa and their distribution in sucrose gradients after analytical subcellular fractionation were determined for tissue from control subjects and patients with untreated gluten-sensitive coeliac disease in order to study the alterations in the properties of the subcellular organelles after culture.
Methods

PATIENTS
Jejunal biopsies were obtained with a WatsonCrosby capsule 10 cm distal to the ligament of Trietz from patients with untreated coeliac disease (11), treated gluten-sensitive coeliac disease (13) and treated non-responsive coeliac disease (five). In addition, seven patients with untreated coeliac disease were studied before and after responding to gluten withdrawal. Patients undergoing investigation for gastrointestinal symptoms whose jejunal mucosa was morphologically normal served as the control group (nine patients). Informed consent was obtained from all patients, and this study has Figure 4 compares the sucrose density gradient distribution of the principal organelle marker enzymes of normal jejunal mucosa before and after 24 hour culture. There are small differences in the distributions but the results indicate good preservation of organelle integrity during the period of culture. The three brush border marker enzymes alkaline phosphatase, Zn2+-resistant a-glucosidase, and y-glutamyl transferase show a small decrease in equilibrium density. The other organelle marker enzymes mitochondria (malate dehydrogenase), peroxisomes (catalase), and lysosomes (N-acetyl-fglucosaminidase) all show a small increase in soluble compared with particulate activity but, apart form the marked fall in total malate dehydrogenase activity, there is little evidence of organelle damage. The endoplasmic reticulum enzyme shows a small decrease in median density suggesting a decrease in the ratio of rough to smooth reticulum. The gradient distribution of lactate dehydrogenase is similar in the control and cultured tissue, with most of the activity remaining in the sample layer as soluble protein. Figure 5 shows the distribution of the organelle marker enzymes when mucosa from patients with untreated coeliac disease is subjected to analytical subcellular fractionation. The most striking finding is the partial restoration of the brush border markers toward normal. Coeliac mucosa is characterised by a marked reduction in brush border enzyme activity and a striking decrease in equilibrium density of this organelle. Both these abnormalities are partially corrected after culture. The other organelles show minor alterations similar to those found when normal tissue is cultured Discussion These data demonstrate that during the period of culture there is an increase in total alkaline phosphatase activity in all patient groups. Previous workers have shown that the increase in alkaline phosphatase activity of the cultured tissue can be prevented by the protein synthesis inhibitor puromycin.5 It is likely, therefore, that this increase in enzyme activity is due to net synthesis of new enzyme rather than activation of latent activity, although the possibility that the induced enzyme protein has an increased specific activity has not been excluded. The reduced synthesis of alkaline phosphatase shown by untreated coeliac mucosa compared with control may be due to the relative immaturity of the epithelial cells of the atrophic small intestine or due to a toxic effect ofgluten or its products on these cells. Conversely, the increase in The results ofanalytical subcellular fractionation before and after culture indicate that when normal mucosa is cultured for 24 hours there is a slight decrease in the density of the brush border. This is probably due to loss ofglycoprotein from the brush border into the culture medium, or it may reflect a shedding ofthe more superficial mature enterocytes compared with the immature crypt cells. The results for the other marker enzymes indicate good preservation of organelle integrity and this is in agreement with ultrastructural studies.8
The alterations in levels of lactate and malate dehydrogenase are of interest. They must be reflected by a major change in the metabolic processes of the tissue and would be consistent with a change in the proportions of aerobic to anaerobic metabolism in culture. They also indicate that the use of organ culture procedures for studying intermediary metabolism of intestinal mucosa are likely to produce misleading results.
When untreated coeliac mucosa is cultured, there is an increase in density and enzyme content of the brush border peak. Morphological improvement in the brush border of cultured coeliac mucosa has been found by light and electron microscopy by other workers.57 1015 These findings may well prove to be important when assessing the toxic effect of gliadin in vitro and in determining the pathogenesis of the coeliac lesion. 
